Starting from the new sources of LL-and LR-scalar (slepton) mixings due to R-parity violation, we discuss the structure of lepton flavor violation focusing on the radiative decay of muon into electron. Using an optimal parametrization, we give the general formulae for the one-loop contributions. from which we discuss all combinations of R-parity violating parameters having possibly a substantial contribution to the µ → e γ decay width. An exact numerical study is performed to obtain explicit bounds on the parameters under the present experimental limit. The most interesting one involves a combination of bilinear and trilinear couplings.
I. INTRODUCTION
The standard model (SM) is built upon the fact that neutrinos have no right-handed components and are massless. Thus, lepton-flavors are conserved. So far, experiments have yet observed any lepton-flavor violation (LFV). Nevertheless, the evidence of small neutrino masses (implied from oscillation analyses of solar and atmospheric neutrino data [1] ) implies a small amount of LFV. A lot of new physics models beyond the SM predict a certain amount of LFV, in relation to neutrino mass generation or otherwise. An important criterion for a viable model is that it should give an acceptable neutrino mass spectrum while staying within the experimental limits of LFV. Among the latter processes, the radiative decay of muon, µ → e γ, provides the most stringent bound [2] . The current limit is [3] B(µ → e γ) < 1.2 × 10 −11 .
A proposal is underway, which can improve this limit by three orders of magnitude [4] .
In the Lagrangian of the minimal supersymmetric standard model (MSSM), apart from the soft supersymmetry (SUSY) breaking part, there are no lepton-flavor violating terms that would induce lepton-flavor changing processes such as µ → e γ. It is, however, well known that soft SUSY breaking parameters can have all types of flavor-changing terms.
Limits on such parameters from µ → e γ have been extensively studied [5] . On the other hand, flavor-changing soft SUSY breaking parameters are often expected to be suppressed by the source of SUSY-breaking of a more fundamental theory. A particularly interesting example is the gauge mediation models [6] .
Models with "right-handed neutrinos" provide other interesting alternatives with potentially large LFV [7] . It is no surprise that issues of LFV are often tied up with generation of neutrino masses. Within the MSSM, apart from the soft terms, both LFV and neutrino masses are indeed forbidden by an ad hoc discrete symmetry -the R-parity. Note that the soft terms by themselves still conserve total lepton number, and hence do not generate neutrino masses.
In the supersymmetric standard model without R-parity imposed, there is however another important source of LFV. A major part of this comes simply from the R-parity violating (RPV) terms in the superpotential. We would like to emphasize that the latter is indepen-dent of SUSY breaking and mediation mechanisms. In fact, the only theoretical means to suppress the flavor-changing effects from RPV couplings would be a generic flavor theory, or some ad hoc symmetries such as R-parity itself. Hence, it is important to obtain all the available experimental bounds on the RPV couplings. We show that the experimental limit on the radiative decay of muon, µ → e γ, provides one of the most stringent constraints on the RPV couplings. An improvement of a few orders of magnitude in the experiment may, in fact, discover SUSY as well as the LFV, if the model under consideration does explain the nature.
We first explain a new contribution to the LR-slepton mass mixings involving the bilinear µ i and trilinear λ ijk RPV superpotential parameters. Such an important interplay between the bilinear and trilinear couplings was first discussed in Ref. [8, 9] in the context of neutrino mass. There is also an analogous contribution to the LR-squark mixings, with implications to 1-loop neutrino masses [9] and fermion electric and magnetic dipole moments [10] [11] [12] [13] .
With nonzero µ k and λ kij the (off-diagonal) LR-mixing involving the i, j generations is proportional to µ * k λ kij (sum over k). With no particular arguments or theories to enforce λ kij to be diagonal in the last two indices, the LFV proportional to µ * k λ kij turns out to be quite natural. The combination µ * k λ kij conserves overall lepton number but violates lepton flavor. There is another similar contribution to slepton masses in the LL-mixing part in the form of µ masses. There are other interesting RPV contributions that mix the sleptons with the other scalars ("Higgses"). Among the latter are the interesting contributions from the soft B i parameters. They come into µ → e γ at a different level.
The present work differs from previous ones on the topic [17] [18] [19] [20] [21] in a few important ways.
Ours is based on the most generic theory of SUSY without R-parity, i.e. no assumptions on the form of R-parity violation, while most of the previous authors worked in various limited RPV scenarios. The only exception is the recent paper of Ref. [20] , which basically works under the same framework as ours. They include the LR-slepton mixing contribution, following the suggestion of Ref. [10] where the closely related subject of fermion electric dipole moments is discussed. However, the results presented are not as complete and systematic as our treatment here. In particular, there is no discussion of the LFV from the bilinear RPV parameters only. In addition, their bounds on µ * k λ kij have a cosβ dependence, which we disagree. Other than that, the above new RPV contributions have not been studied before.
The organization of the paper is as follows. In the next section we give the general formulae in the basis of mass eigenstates. The focus is on the ℓ -j → ℓ - in Sec. III. Numerical results are presented and discussed in Sec. IV; after which we conclude the article in Sec. V. For the readers who are more interested in the major features of the result, rather than the sophisticated details on how each RPV parameter comes into play in the process, Sec. III can be simply skipped. The section also serves as an analytical confirmation of the correctness of the numerical results, for the more serious readers.
II. CALCULATION IN MASS BASIS
Here we calculate the decay rate of µ → e γ through colorless 1-loop diagrams using exact mass eigenstates for particles appearing inside the loop. However, as stated above, for the external legs to the loop, we use only electroweak states (l ∓ i 's). Each of the latter has a minimal deviation from the corresponding L-or R-handed component of the physical charged lepton states as a result of the corresponding small RPV µ i -terms [14] .
A. Model background
We work in the framework of generic supersymmetric standard model [15, 22] , or known as SUSY without R-parity. Here one could simply give up the notion of R-parity; however, the latter terminology is convenient for comparing with the more popular MSSM, as well as other limited studies of R-parity violations. We adopt exactly the same notation as in Refs. [11, 15] , to which readers are referred for more details. Let us summarize some of the useful notation here, starting from the generic superpotential
(with α, β going from 0 to 3, i, j, k from 1 to 3, and ǫ 12 = −ǫ 21 = 1). The essential features of the SVP adopted include L i ≡ 0 and the identification ofL 0 asĤ d ; related to that is the fact that λ 0ii ≡ y e i is the diagonal "leptonic Yukawa" couplings, while λ 0ij ≡ 0 for i = j.
(i) We have five (color-singlet) charged fermions from R-and L-handed mass eigenstates written, respectively, as (
T , where the notation for the electroweak states is quite obvious. So,
The first two mass eigenvalues are the chargino masses. Note that under the SVP, the only RPV parameters going into the tree-level mass matrix M C are the three µ i 's.
(ii) The neutral fermion mass matrix
0 . The symmetric, but generically non-hermitian, mass matrix is diagonalized by a unitary matrix X such that
}, with n = 1 to 4 being the heavy states (neutralinos) and n = 5 to 7 the physical neutrino states at tree-level.
(iii) There are 1 + 4 + 3 charged scalars which contribute one unphysical Goldstone state after diagonalization. We use the basis { h (iv) The neutral scalar mass terms, in terms of the (1 + 4) complex scalar fields, φ n 's, can be written in two parts -a simple (M ), we have, explicitly,
and
Note that M 2 φφ here is real (see Appendix A of Ref. [9] ), while M 2 φφ † does have complex entries. Writing the five φ n 's in terms of their scalar and pseudo-scalar parts, the full 10 × 10 (real and symmetric) mass-squared matrix for the real scalars is then given by
where the scalar, pseudo-scalar, and mixing parts are
respectively. If Im(M 2 φφ † ) vanishes, the scalars and pseudo-scalars decouple from one another and the unphysical Goldstone mode would be found among the latter. Note that the B α entries may also be considered as a kind of LR-mixings.
As a real scalar mass matrix, M However, we will write D s as if it is just a unitary matrix. This would be useful for illustrating some theoretical features in the discussions below. In fact, it helps sometimes to think about the neutral scalars as complex scalars instead of in terms of the scalar and pseudoscalar constituents. This is especially true for the "sneutrino" parts. Hence, we write
Sm , m = 1 to 10 }. Again, it is useful to consider the form of D s very close to the identity matrix, i.e. with all diagonal entries being of order one. The unphysical Goldstone mode has, of course, to be found then mainly among the first two pseudoscalars.
The mode is naturally label as the m = 6 mass eigenstate here. Similar to the previous case, all the off-diagonal entries except those related to mixing of the Higgses (i.e. the 12-, 21-, 67-, and 76-entries) are expected to be relatively small.
(v) In the diagonalization of the neutral-and charged-scalar mass-squared matrices given above, one has to impose all the proper tadpole conditions to get the correct unphysical Goldstone modes explicitly. Under the SVP, the tadpole conditions are (see Appendix A of
Ref. [9] for more details)
The last equation represents the redundancy in parameters explicitly identified under the optimal parametrization (SVP) used. Hence, within the formulation, the RPV parameters 's will not be handled in the same fashion. We will discuss more the implications of Eq.(10) in relation to µ → e γ below. We emphasize here again that the above tadpole conditions are very important and should not be overlooked in any discussion of the phenomenology, particularly those related to the B i 's.
Once we have the above matrices we can express the effective interactions involving an external charged lepton with internal particles in terms of the mass eigenstates and the elements of diagonalizing matrices. The effective interaction for an external charged lepton, taken as an li or l + i state for the L-or R-handed component here, with exact physical charged scalars and neutral fermions inside the loop is given by
where
(1 ∓ γ 5 ) are the L-and R-handed projections and 
Recall that D s is actually real, though we are using D s * notation as if it is not. This is just a convention for tracing the LFV structure of the various contributions in our analytical discussions below. Here, in fact, the real difference between the D s * and D s terms is given explicitly by the different signs between the corresponding scalar and pseudo-scalar parts.
Note that the y e i -terms in the above expressions can be written together with the λ-terms using the λ αβk notation and the identification of y e i as λ 0ii . This common structure between L 0 and theL i 's is very useful in our discussions below.
In applying the above interactions to the process ℓ -
, we can write the amplitude as
where ǫ * = ǫ * (q) is the polarization four-vector of the outgoing photon. The decay rate is then simply given by
It is straightforward to calculate the contributions from 1-loop diagrams with the effective interactions of Eqs. (11) and (14) . The result for A
with summations over all physical fermion and scalar mass eigenstates as represented by the n and m indices assumed. Apart from the model being different, our background notation here, such as the loop integral functions, follows mostly that of Ref. [24] , to which readers are referred for a comparison.
III. ANALYSIS OF THE VARIOUS CONTRIBUTIONS
Comparing C L,R and N L,R , we see that the two types of loop contributions as given in Eq.(19) do have very similar structures. The first type, corresponding to diagrams with charged fermion and neutral scalar in the loop, are however typically larger than their SU (2) counterparts, i.e. from diagrams with neutral fermions and charged scalars. Hence, we focus our discussions on the C L,R part, the chargino-like loop. Before going into the analysis, it is instructive to introduce the lepton-flavor numbers L e , L µ , and L τ to the superfields as one does to their corresponding components in the SM. Some of the RPV parameters would then bear violations of the lepton-flavor numbers. It is obvious that in order to have a contribution to µ -→ e -γ, a term must reduce L µ and increase L e by exactly one unit while leaving L τ unchanged. This simple but useful rule serves as a counter-check of individual contributions discussed below.
The following discussions concerns with sophisticated analytical details on the more interesting individual pieces of contributions. The aim is to understand the exact role played by each of the RPV parameters in the process, and the strength of each contribution.
Reading the section would take a bit of effort, which is not necessary for a general reader interested mainly in knowing the basic features of the results. While we will refer to some analytical results presented here in the discussion of the numerical results in the next section, for comparison and confirmation, a general reader may simply skip this section. We first look at the contributions with a (µ * λ) structure. Taking only one λ-coupling vertex, one can then take the gauge coupling term (first term) from C R * 2nm . We then have the real scalar part of the contribution proportional to
Here we have dropped the pseudo-scalar part just for simplicity in this discussion. This is exactly valid when there is no mixings between scalars and pseudo-scalars. However, we find it more transparent in illustrating the basic features. If the loop function 
where R R is a 2×2 matrix with order one matrix elements and is the R-handed transformation needed to diagonalize the 2×2 MSSM chargino block (see Appendix A of Ref. [11] for details.)
The expected combination µ * k λ k21 comes up, with k = 1 and 3 admissible. There is only a partial cancellation between the two parts in general. The same situation goes for the
, with the combination µ k λ * k12 ( k = 2 and 3 admissible here ) instead. An interesting point to note is that the above expression shows no obvious dependence on tanβ, a result confirmed by our exact numerical calculation. This is an important issue that we will get back to below. 
. This result is an example of the L-slepton flavor mixing from the coupling of the form µ * i µ j mentioned in the Introduction -something that is also useful for our discussion below. The flavor mixing is explicitly given in the Eq. (5), in the discussion of the scalar masses where we explain the notation D s * despite its being real.
As the RPV mixings are the same in the scalar and pseudo-scalar parts (M , the non-universal 
. This is the most intuitive contribution involving the combination of parameters that we mentioned in the introduction. Numerically, this contribution is, typically, only similar to other neutralino-like terms with one gauge coupling vertex, and hence smaller than the dominating chargino-like term discussed above. The reason here is that the larger gauge coupling effect is offset by the suppression factor coming from the LR-mixing. However, if one push for a large |µ 0 | value while keeping the bino mass M 1 small, the other contributions, including the whole chargino-like loop contribution could become suppressed, thus leaving the pure gauge loop to be the dominating one.
Replacing the λ-coupling in the above contributions [cf. expression (20) ] with a "leptonic Yukawa coupling" (recall y e i ≡ λ 0ii ), we have a Fig. 2 . From Eqs. (15) and (16), there is one more similar but independent term. This has expression (22) modified with a simple switching of the explicit 2 and 3 indices, and a sign flip. We write down here explicitly the corresponding term from A R 2 instead :
From the above discussion, it is easy to see that the dominating part with the charginos (n = 1 and 2) gives a µ 2 dependence through U * 4n . Naively, we expect a µ * The last contribution we want to discuss here is the one with two λ-couplings. Extracting the part similar to expression (20), we have
Note that we have written the expression very differently here. Both the scalar and pseudoscalar parts are explicitly shown. The sum over m, scalar mass eigenstates, goes over all nine physical states (the ′ m notation means the unphysical Goldstone mode is omitted). The interesting point here is that this contribution involves a non-trivial interplay between two parts. A careful reading of λ * h ′ 2k ′ term in Eq. (15) would appreciate that the scalar mixing matrix comes in as D s * instead, or, equivalently, the scalar and pseudo-scalar parts come in with the "wrong" sign. At the limit of degenerate but un-mixed scalars and pseudo-scalars, the "right" signs (or with D s , as in the case of the first gauge coupling term) would give identical contributions from the two parts; while the "wrong" signs would give an exact cancellation instead. To put it in another word, a Majorana-like scalar mass insertion along the scalar line is needed to have the contribution nonzero, as depicted in Fig. 3 . There have been quite some discussions on the Majorana-like scalar mass terms for the "sneutrinos"
(orl 0 i states to be exact) as complex scalars, and some of the resulting phenomenological implications are studied in recent literature [25, 26] . Such mass terms appear under the SVP through LFV from the soft B i parameters. An illustration of the Majorana-like scalar mass terms is shown explicitly in Fig. 3b . It can be easily seen that the contribution under discussion here actually involves a minimum of four RPV parameters, B * h ′ B * h and λ h ′ 2k ′ λ kh1 , and it is achieved by taking k = k
′ . An interesting point, at least from the theoretical point of view, is that the contribution could have a different flavor structure from the more familiar two-λ loop diagrams with the chirality flip on the external muon line [19] , and a m τ instead of m µ dependence too. For instance, we could have a new contribution from the λ 123 λ 311 combination.
Finally, we want to remark that the remaining contributions with internal chirality flip can be analyzed again by using the extended flavor structure with the "leptonic Yukawa coupling" y e i identified as λ 0ii , as discussed above. In fact, Fig. 3a is given with the generic λ αβk notation and hence applicable to this latter case. One can obtain contributions depending only on a B * h and λ h21 combination, for example. Explicitly, we have expression (24) modified to
with which the fermionic sum suggests a major contribution from n = 4, i.e. the muon itself with the m µ dependence, and the scalar sum gives the dominating contribution proportional to B * h . However, this contribution then has two factors of "muon Yukawa" (y e 2 ) suppression.
Hence, it is not a very important contribution. Note that the Majorana-like scalar mass required can be interpreted as in the same form as given by Fig. 3b, with 
The scalar mixing part gives the µ * without further y e i suppression is the usual 2-λ term discussed much earlier in the literature, together with similar (colored) 2-λ ′ diagrams [19] .
We have an expression given by
requiring further h = h ′ and k = k ′ . Note that all off-diagonal matrix elements of the form V (k+2)n are very small, those RPV ones (n = 1 or 2) in particular contain further a 
where we have h = 3 or 1. This is expected to be of similar strength to the one with expression (25) discussed above. Recall that the scalar mixings give a B * h tanβ dependence.
IV. EXACT NUMERICAL CALCULATIONS AND RESULTS
In this section, we present the results we obtained by a careful numerical implementation of our µ → e γ formulae, with explicit numerical diagonalization of all the mass matrices involved. We isolate various major contributions by singling out each of the corresponding RPV parameter combinations as the only nonvanishing ones. The soft SUSY breaking contributions to R-parity conserving slepton mixings are set to zero ( i.e.m Table I . We used this set of inputs unless otherwise specified in the results below. At the end, we also show the effects of varying these input parameters.
At the beginning of the previous section, we introduced a useful rule in terms of leptonflavor number violation counts; i.e. an admissible contribution has to include RPV parameters such that it reduces L µ and increases L e by exactly one unit while leaving L τ untouched. Moreover, µ → e γ is an R-parity even process. The rule alone can be used to identify a few interesting cases of two RPV parameter combinations. We first concentrate on the superpotential parameters. Using the bilinear parameters, we have only the µ * Such contributions to µ → e γ are well-studied [19] . It is easy to see that as the λ ′ couplings involve quarks and squarks while the others do not, there is no combination of a single λ ′ with a coupling of the other types contributing to 1-loop µ → e γ. We skip the quark-squark loop contributions here. The 2-λ loops, however, is an integral part of our (colorless loop)
formulae. We will discuss such contributions also for completeness and for easy comparison with previous works. Most interestingly, however, are the combinations involving RPV parameters of both the bilinear and trilinear types. They are µ * k λ k21 with k being 3 or 1, and µ k λ * k12 with k being 3 or 2. Next, we add into consideration the RPV parameters from soft SUSY breaking. The to satisfy the tadpole condition before solving for the spectra of the physical scalars. Likewise, we will tune a µ i to zero to single out a B i effect. An interested reader can put the two otherwise related contributions, for example a µ * It is easy to see that under the strategy discussed, the additional RPV parameter combinations of interest are given by B * 1 µ 2 , µ * 1 B 2 , and B * 1 B 2 , together with B * k λ k21 and B k λ * k12 . These completes our list. Now, we go into each of these combinations of RPV parameters.
Readers interested in more analytical details are urged to compare our discussions below with those presented in the previous section, cross-references to which are given inside square brackets ([ ]'s) .
This is the most interesting case, because it involves both the bilinear and trilinear RPV couplings and also it is likely to give a much larger branching ratio. Later, we will see that the bounds obtained on such parameter combinations are comparable to what one could obtain by imposing a sub-eV bound on all neutrino mass contributions (see, for example,
Refs [8, 9, 27] ). Without loss of generality, we take the µ * 3 λ 321 combination for illustration.
The dominant contribution comes from the last term of Eq. (19) as shown in Fig. 1 [also discussed in expression (20) ]. This is confirmed by our exact numerical calculation. Another interesting contribution comes from the pure neutral gaugino with µ * 3 λ 321 coming in through the LR-slepton mixing. There are also the neutralino contributions without LR-slepton mixing, the exact analog of the chargino ones. In a generic region of the parameter space, the chargino-like loop result typically dominates over the neutralino-like loop result. We plot contours of the resulting branching ratio as a function of (real) µ 3 and λ 321 in Fig. 5 .
The present experimental limit is also shown and the allowed region at 90% C.L. is shaded.
The contours for the other three combinations of RPV parameters, each taken alone, are essentially the same. Recall that the corresponding dominating contribution for the two
As to be explicitly illustrated below [and discussed with expression (21)], this kind of contribution is insensitive to the tanβ. Recall that imposing a sub-eV bound for all neutrino mass terms obtainable from any RPV parameters (see for example Ref. [27] ) gives
. A simple estimate of a 1-loop neutrino mass diagram from two λ-type couplings give the corresponding bounds |λ 121 λ 212 | , |λ 321 λ 312 | < ∼ 0.015 and |λ 212 | < ∼ 0.008. These bounds are not very strong at all as factors of m µ and m e are involved in the neutrino mass diagrams.
Moreover, λ 212 is the only parameter that is capable of giving rise to a 1-loop diagram just on its own, hence with a bound on itself alone. The other four λ couplings are otherwise bounded by 0.04 [28] , from charged current processes and τ -decays. The µ i parameters typically have no strong bound apart from the one due to neutrino masses (see Ref. [14] for details), which is suggested but not mandated from the result of the Super-Kamiokande experiment [29] . Hence, we can see that the bound we obtained here from µ → e γ is very important, especially in the large tanβ region where the neutrino mass bound is weakened.
Further improvement in the µ → eγ experiment is capable of giving the best bound on the RPV parameters, or discovering the signal of R-parity violation. 
Note that the bound weakens roughly by a factor of Though the bound looks weak compared with the sub-eV neutrino mass bound discussed above, it is still significant when compared with most of the other bounds on the µ 1 and µ 2 parameters, especially in the region of large tanβ [14] .
C. The contributions from two λ-type couplings.
Here we have naively two classes of contributions, a class of λ * λ-diagrams and a class of λλ-or λ * λ * -diagrams. The first class needs a chirality flip on the external muon line. We have a λ * Table II , in which case we have deliberately used tanβ = 1 (instead of 10, in order keep the physical L-and R-handed slepton masses at about 100 GeV) to show the exact agreement with Ref. [19] . Note again the numerical bounds are roughly a factor of 10 −3 weaker than the µ * λ-type bound, as a result of the m µ factor.
On the other hand, a λλ-or λ * λ * -diagram requires no chirality flip outside the loop. In the λλ case, for example, we have to pick a λ h ′ 2k ′ to get the required reduction in L µ and a λ hk1 to get the increase in L e . It is easy to see then that it is impossible to choose a combination of λλ such that it does not cause further changes in any of the lepton-flavor numbers, unless more RPV parameters are involved. A term of the latter case has been discussed analytically [cf. expression (24) ]. The same situation holds for λ * λ * . We will not further investigate such contributions here.
D. The contributions involving the B i parameters
We have discussed in the above the implication of the tadpole equations relating the B i 's to the µ i 's. Our numerical strategy isolates terms explicitly proportional to a B i or a µ i .
Here we discuss the contributions involving the B i 's. First, there are combinations B * k λ k21 and B k λ * k12 . For B * k λ k21 an illustrative contribution has been discussed analytically in the previous section [cf. expressions (25) and (28)]. The bounds obtained on these combinations are shown in Table II . Contours of B(µ → e γ) in the real (B 3 , λ 321 ) plane is shown in Fig. 7 .
Understanding the result analytically is more complicated here. Our analysis does suggest more than one factors of Yukawa suppression, hence the weakness of the bound obtained. depending on tan β. The overall bound looks stronger than the analytical estimate. This is to be explained by the larger loop function F 5 with the much lighter muon propagator compared with that of a chargino, and the tanβ dependence. However, the relation between a B k and a µ k and the weakness of the present result compared to the µ * k λ k21 or µ k λ * k12
result suggest that the B * λ-or Bλ * -type contribution is really of less significance.
Next, we have the B * 1 µ 2 combination. Recall that according to our strategy, this is probed with µ 1 and B 2 set to zero. It clearly has a "muon Yukawa" suppression [cf. expression (23)]. Numerically, the bound is similar to that on µ * 1 µ 2 . The number shown in Table II looks actually better than the corresponding µ * 1 µ 2 number. However, B 1 comes in with a tanβ dependence. Therefore,
should be compared with 
E. Parameter Variations
In this subsection, we illustrate the effects of varying the input parameters on the bounds, using |µ * Here, the variation of the bound is more complicated. For illustration, we show more details of the µ 0 variations. Taking |µ * 3 λ 321 | as an example, the bound is most stringent for small |µ 0 |. However, for negative µ 0 , apart from the general weakening trend as |µ 0 | increases, there is an extra structure in the dominating chargino contribution, namely there is a dip at µ 0 = −M 2 tanβ where it essentially vanishes. This is a special feature of the type of RPV contribution also observed in the similar contribution to neutron electric dipole moment [11] . For the relatively large value of tanβ used here, however, this is already well inside the large |µ 0 | region where the pure gauge loop contribution becomes dominant. The latter case generally happens when the bino mass M 1 is small relative to |µ 0 |. Note that the pure gauge loop contribution is independent of µ 0 . Apart from the dip mentioned, the dominant chargino contribution does decrease with increasing |µ 0 |, as shown in column 1 of Table III. As for the |µ * Table III , we still have the pieces corresponding to Fig. 2 and Fig. 4a [cf. expressions (22) and (26) ] in interference with one another. Besides, at very large |µ 0 | (and relatively small M 1 ) the pure gauge-gauge term of the neutralino-like contribution is increasing and dominates over the chargino-like contribution.
In addition, we have shown in column 3 of the Table III an Table II suggests that the B * 1 µ 2 type contribution is smaller than the µ * 1 µ 2 type but are of the same order; a destructive interference of the two parts then weakens the overall result.
Note that our analytical discussions in the previous section [cf. expressions (22) and (23) Finally, we comment briefly on the tanβ dependence of the results, also illustrated in Table III . From the table we can see that varying tanβ has only a little effect on |µ * 
V. CONCLUSION
In this paper, we have performed a comprehensive study on the radiative decay of muon (µ → e γ) in the framework of the generic supersymmetric standard model (without R parity). We have identified a few combinations of a minimal number of RPV couplings contributing to the decay. Among them the most interesting are µ * k λ k21 and µ k λ * k12 . The upper bound on the combinations obtained from the experimental limit on µ → e γ is
which is as stringent as the ones that can be obtained from the constraint of sub-eV neutrino masses. Note that different combinations of RPV parameters are involved in the generation of neutrino masses though. Furthermore, our result is, in contrast to a similar result given in Ref. [20] , having little sensitivity to tanβ.
Another combination, µ * 1 µ 2 , contributing to µ → e γ involves the LL-slepton mixing.
This contribution is identified for the first time. The upper bound on the combinations obtained from the experimental limit on µ → e γ could be important, especially in the region of large tanβ. We have also discussed the related role of the soft SUSY breaking B i parameters in the process.
Before closing we summarize the following important points :
(i) The simple rule of lepton-flavor-number counting serves as a useful tool to identify various interesting combinations of RPV couplings. To contribute to µ → e γ it is necessary to decrease the muon-number and to increase the electron-number by exactly one unit. The complete list of two RPV parameter combinations contributing to µ → eγ can be easily exhausted, as done in our discussions.
(ii) The combinations µ * k λ k21 and µ k λ * k12 participate directly in the LR-slepton mixings, while µ * i µ j in the LL-slepton mixings. The combinations also highlight the major µ → e γ contributions. Under our formulation (SVP), the only RPV soft SUSY breaking parameters that contribute to (tree-level) slepton masses are the B i 's and them (iv) In relation to the RPV parameters (under SVP), the tadpole equations say that
} for each i are not independent. This fact is often overlooked in the literature.
In our study, we single out the contribution from µ i or B i with a matching nonzerom
We have also illustrated a case withm and µ 0 (∼ MSSM µ-term) through the tadpole equations for correct electroweak symmetry breaking. Table 2 -Summary of bounds on various combinations of two R-parity violating parameters, normalized by |µ 0 | = 100 GeV where appropriate, due to the experimental limit B(µ → e γ) < 1.2 × 10 −11 at 90% C.L. The input parameters are as in Table I , except for the limits on |λλ * | combinations in which case we have used tanβ = 1 (as explained in the text). and |µ * The seesaw origin of Majorana-like scalar masses for the "sneutrinos" explicitly illustrated. 
